A B S T R A C T An antibody
INTRODUCTION
Rat hepatocytes contain two cytoplasmic proteins, designated Y and Z, which bind various organic anions including bilirubin, dyes (BSP and ICG),' drugs, and cholecystographic agents (1, 2) . Y protein is considered to be the major binding protein of the two because its hepatic concentration and affinity for various organic anions, whether added in vitro or administered in vivo, is greater than Z protein (1) . We have proposed that Y and Z proteins may be involved in the selective transfer of several organic anions from plasma into the liver (1) (2) (3) (4) (5) (6) (7) (8) (9) . This hypothesis is based upon the following evidence. (a) the Y protein concentration in liver is the highest of all tissues studied (1-3), (b) the direct demonstration of in vitro binding of various organic anions by Y and Z proteins and hepatic uptake -in vivo of organic anions by these proteins (1), (c) there is a direct correlation between rates of development of Y protein in neonatal liver and selective hepatic uptake of organic anions after birth (4-6), (d) evidence obtained from phylogenetic studies revealed absence of Y and Z proteins and impaired selective hepatic uptake of organic anions in gill-breathing animals, and the appearance of these proteins with selective hepatic organic anion uptake in air-breathing 'Abbreviations used in this paper: BSP, sulfobromphthalein sodium; ICG, indocyanine green; SPB, sodium phosphate buffer, 0.01 M, pH 7.4; TEAE, triethylaminoethylcellulose.
The Jourial of Clinical Investigation Volume 51 1972animals (7) , (e) phenobarbital and other drugs, which enhance hepatic organic anion uptake, increase the hepatic concentration of Y protein (2, 8, 9) .
In previous studies, Y protein was measured by BSP-binding of liver supernatant fractions using Sephadex G-75 (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) chromatography (1) (2) (3) (4) (5) (6) (7) (8) (9) . Although this technique is quantitative under defined conditions, only qualitative comparisons are valid with columns of different sizes and different amounts of protein (1) . Y protein has also been quantitated on polyacrylamide gels after purification from liver supernates (9) . This method depends partially on staining characteristics of the protein and standardization is cumbersome, variable, and not suited to multiple measurements (9) .
In the present study, a monospecific antibody to Y protein has been produced, and a method for immunologic quantitation has been standardized. This (10) , and azocarcinogen-binding protein (11) .
METHODS
Supernatant fractions were prepared from homogenates of liver and 16 other tissues from 32 adult Sprague-Dawley, 2 Long-Evans, and 2 Gunn (glucuronyltransferase-deficient) (12) rats of either sex. Supernatant fractions were also obtained from at least two specimens of liver from Hartley guinea pigs, albino mice, Rhesus monkeys, Shetland ponies, chickens, rabbits, four species of fish, five species of amphibia, and four species of reptiles. Histologically normal human liver was obtained within 4 hr after patients died from acute myocardial infarction. All laboratory animals were anesthetized with ether and killed immediately; fishes, reptiles, and amphibia were anesthetized with urethane; and horses were killed by captive-bolt after curare administration. Various tissues were rapidly removed, perfused, where possible, with ice-cold 0.9%o saline, and a 25%o homogenate was prepared in 0.25 M sucrose-0.01 M phosphate buffer, pH 7.4, using a motor-driven, teflon pestle, glass homogenizer (Arthur H. Thomas Co., Philadelphia, Pa.). Kidney and muscle required initial disruption in a VirTis (The VirTis Co., Gardiner, N. Y.) homogenizer. Small intestine was removed from duodenum to terminal ileum, washed with cold 0.9% saline, opened lengthwise, and the mucosa was scraped between two glass slides. Blood was collected and permitted to clot at room temperature; sera were stored at -200C. Bile, obtained from the cannulated common bile duct of lightly ether-anesthetized Sprague-Dawley rats, was centrifuged at 2500 g for 30 min. The clear supernate was passed through a Sephadex G-25 column, equilibrated with SPB, to remove bile acids (13) . The protein eluted in the void volume was concentrated by ultrafiltration to 1.5 mg protein/ml. Chem. Submitted for publication.
Immunoelectrophoresis was performed using 7.5 X 5 cm glass slides coated with 2 mm 1% agarose in Veronal buffer (Winthrop Laboratories, New York) (0.025 1A) pH 8.6. The buffer reservoir contained Veronal buffer, 0.075 u pH 8.6 and the electrophoresis was carried out at 4-6 volts/cm for 2-3 hr at 4VC (18) . After addition of antisera, the slides were examined for precipitin bands 48 hr later. Immunodiffusion and immunoelectrophoresis slides were stained with amido black (19) . Quantitative radial immunodiffusion was performed according to Mancini (20) . In all studies, 8 /Al (±1%9) of sample was placed in each well using a Hamilton (Hamilton Co., Whittier, Calif.) micro-syringe. These plates were kept at room temperature in a moisture chamber for 48 hr, photographed at a standard magnification, and precipitation rings were carefully cut out and weighed. IgG globulin was taken as 14 (22) . BSP was measured spectrophotometrically at 580 my after alkalinization and its bindihg was calculated by triangulation (1).
Purified cortisol metabolite-binding protein I was supplied by Dr. Gerald Litwack of Temple University School of Medicine, Philadelphia, Pa. Purified azocarcinogen-binding protein was supplied by Dr. Brian Ketterer of the Middlesex Hospital Medical School, London, England. Each purified binding protein was dialyzed against SPB and concentrated to 400 /Ag/ml and studied by immunodiffusion and immunoelectrophoresis.
Z protein was partially purified from rat liver supernate using Sephadex G-75 gel filtration (1).
Further study of the function of Y protein was performed using anti-Y serum. Three groups of four male SpragueDawley rats (150-200 g) received 8 mg phenobarbital subcutaneously daily for 7 days. Three groups of four similar rats served as controls and received daily injections of isotonic saline. The following methods were used to study the effect of phenobarbital on organic anion uptake by liver, kidney, and small intestinal mucosa: (a) Initial disappearance rates from plasma after single intravenous injections of BSP (5 mg/100 g), ICG (1 mg/100 g), and bilirubin (1 mg/100 g), expressed as ti in minutes, were determined from four to seven carefully timed plasma samples obtained from 2 to 8 min after organic anion administration (9, 23, 24) . (b) 5J min after intravenous administration of BSP, ICG, or bilirubin to rats which were lightly anesthetized with ether and whose body temperatures were maintained at 37-38°C with a heating lamp, laparotomy was performed and, in less than 1 min, the liver, kidneys, and small intestine were removed and weighed. Supernates of homogenates of liver, kidney, and small intestinal mucosa were prepared as described in Methods. For measurement of BSP and ICG in tissues, a 10% homogenate was prepared in distilled water and 1 ml saturated toluenesulfonate was mixed per 1 ml of homogenate (9) . BSP and ICG were quantitated spectrophotometrically after removal of precipitated proteins (9 (14) . In the present study, phenobarbital administration did not increase Y protein concentration in supernates of kidney or small intestinal mucosal homogenates (Table II) , probably because the drug does not become accessible to the site of Y protein synthesis in these tissues. The plasma disappearance rates (ti) for BSP and ICG, as shown previously (9), and bilirubin were increased by approximately 40% after drug administration (Table III) (15) . These include azo-dye-GSH conjugate (11), corticosterone (27) , corticosteroid anionic metabolites (10), estradiol metabolites (27) , bilirubin (1), BSP (1), ICG (1), phylloerythrin (2, 14) , cholecystographic agents (1), flavaspidic acid (1), and triiodothyronine.8 Carcinogens, such as azo-dyes and methylcholanthrene, bind covalently as well as noncovalently (15, 28) . Azodye and methylcholenthrene are bound noncovalently as GSH conjugates, and covalently through their cysteinyl residues (28) . Similar binding appears to occur after brombenzene administration (29) . These observations suggest several possible functions for the binding protein (15) . Noncovalent binding occurs with various organic anions, and the intracellular concentration of Y protein, or, more correctly, the number of available binding sites on Y protein, appears to determine the net flux of various organic anions across the plasma membrane of the liver cell (1) (2) (3) (4) (5) (6) (7) (8) (9) . We propose that Y protein significantly influences the efflux of various organic anions from the liver cell after their initial transfer across the plasma membrane largely by nonionic diffusion. Whether or not the movement of organic anion conjugates and metabolites from the liver cell into plasma is influenced in a similar manner has not, as yet, been studied. Other compounds, such as certain carcinogens, bind covalently which may protect the cell against carcinogenesis (29, 30) or may be important in promoting carcinogenesis (15, 30) . The concentration of the binding protein is very low in hepatomas (15, 31) .
The apparent absence of Y protein from the central nervous system may have importance as related to the pathogenesis of bilirubin encephalopathy in newborns (kernicterus). Bilirubin (14) . Y protein may play a role in organic anion uptake by these cells; however, this hypothesis has not been examined experimentally.
